In this paper we examine the influence of clean (hydropower) or dirty (fossil fuel generated) energy on bilateral exports. We focus on bilateral exports from Vietnam, a developing nation with a fast-growing economy propelled by international trade, to her top 54 trading partners over the period 1986-2010. Our key results suggest that there is a significant, positive, and stable long-term relationship between electricity and exports, with some variations across the regional panels of the trading partners and electricity sources. Trading partners of Vietnam are sensitive to how electricity is generated. For trading partners from regions excluding low income Asia, bilateral exports respond more to renewables than fossil fuel generated electricity, which indicates that exports are sensitive to certain qualities of energy sources, namely reliability and price competitiveness.
Introduction
This paper investigates the role of clean and dirty energy in the export industries of Vietnam, a developing nation. For developing nations, exports have become an important driver of economic prosperity. In Vietnam, exports contributed 66.8% on average to its gross domestic product (GDP), becoming the most important driver of economic activity over the period 2000-2010 [1] . Over the period 1986-2010, Vietnamese exports accounted for 46.1% of GDP [1] . Economic prosperity has often come at the expense of environmental degradation, where energy generation has played a critical role. In many developing nations, export led growth has needed to be sustained by substantial increases in electricity generation. Often, to keep up with the ever-growing demand for energy, developing nations have resorted to using more non-renewables than renewables (see Figure 1 for the case of Vietnam). Incidentally, trade-related activities, predominantly in less industrialised countries, tend to increase a nation's greenhouse gas (GHG) related emissions burden [2] . Hence, for developing nations, an understanding of the influence of clean versus dirty energy sources on their export industries is imperative to developing energy policies that reduce GHG emissions and promote economic growth.
The link between total energy and aggregate exports has been explored by several studies, starting with [3] (see review in Section 2). As noted above, the need to focus on the energy mix, or in this case electricity mix, has become imperative to developing modern energy policies. Energy policies across the world, including Vietnam, are still placing more reliance on fossil fuels than renewables for electricity generation. In Vietnam, fossil fuels are still the dominant source in the electricity mix, although renewable energy (almost 100% of which came from hydroelectricity) also has a strong role (Table 1) . Electricity generation in Vietnam mainly uses fossil fuels and hydropower, contributing with neighbouring grids". Renewables have an increasing share of the energy market in France, where the aim is to have all power supplied by the renewables sector by 2050. A study assessing the current reliability of the French power sector concludes that there is a need to install additional backup or storage capacity to fill in the gaps in the supply of electricity [9] .
At present, fossil fuels-unlike renewables-provide a steady and reliable flow of energy and cater for sudden surges in demand. In fact, as seen in Figure 1 , the exponential growth in Vietnam's exports has been largely supported by fossil fuel generated electricity. Given the differences in the two energy sources, we expect to see some differences in the sensitivity of exports to renewables and fossil fuels. Vietnam's exports to its 54 top trading partners and electricity generation (in terms of total electricity; total electricity by fossil fuels; and total electricity by renewables) . In each of the following four charts the LHS vertical axis denotes exports, expressed in $USm (current price); and the RHS vertical axis refers to three categories of energy (total electricity; total electricity sourced from fossil fuels; and total electricity from renewables), measured in (billion) Kwh.
(Source: IMF Directions of Trade and US Energy Information Administration).
In this study we examine bilateral export relations between Vietnam and each of her top 54 trade partners. This is unlike the literature which has captured energy effects on total exports only (see a review of the literature in Section 2). Our approach allows us to test for the presence of heterogeneity in the impact of electricity (or electricity mix) on importers (organised by region) of goods made in Vietnam. We expect some variations across the regions for at least two reasons. First, the contribution to Vietnam's exports by each region differs significantly. Over the period 1986-2010, Asia, Europe, the Americas-Oceania, and Africa contributed 59.9%, 29.7%, 10.1%, and 0.3%, respectively, to Vietnam's total exports (see Table 4 in [10] who use the same sample as the present study). In the more recent decade (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , the average share of exports to total Vietnamese exports to these top 54 trading nations increased for Asia to 63.7%; the Americas-Oceania to 18.0% and Africa to 0.5%, and deteriorated in the case of Europe to 17.8% (see Table 4 in [10] ). Second, the export mix from Vietnam varies significantly (see Table S1 ). Accordingly, the energy requirement of the export mix differs from one trading partner to the next. Consequently, some heterogeneity, in terms of the magnitude of the effects of energy on export by different regions, can be expected.
Foreshadowing our key results, we find strong evidence of a positive linkage between electricity and exports in the long run. This finding is robust across the panels developed according to the regions of the trading partners. Our findings suggest that the long-term electricity generated by renewables is price competitive, yet more disruptive than fossil fuel, in impacting exports.
The balance of this paper is organised in the following manner. The next section briefly reviews the strands of energy economics literature related to this study. Section 3 presents the empirical model (the gravity model), the estimation procedures and the results. Section 4 summarises the key findings and suggests policy implications.
Literature Review: The Link between Exports and Electricity
Two established strands of the energy economics literature, most relevant here, study the energy-trade or energy-economic growth relationship using cointegration and Granger causality approaches. Evidence of a unidirectional long-term link between electricity and trade, flowing from electricity to exports, is most common (see [3] for six middle Eastern countries; [11] for several high-, middle-and low-income countries; and [12] for Vietnam). In the short run, some studies found that exports also encourage electricity generation (see [13] for eight middle Eastern countries; [14] for Vietnam; and [15] for Portugal). Several studies showed a significant and positive relationship between trade and electricity in the short and/or long run. In other words, an increase in electricity Vietnam's exports to its 54 top trading partners and electricity generation (in terms of total electricity; total electricity by fossil fuels; and total electricity by renewables) . In each of the following four charts the LHS vertical axis denotes exports, expressed in $USm (current price); and the RHS vertical axis refers to three categories of energy (total electricity; total electricity sourced from fossil fuels; and total electricity from renewables), measured in (billion) Kwh. (Source: IMF Directions of Trade and US Energy Information Administration). While renewables and fossil fuels are fundamentally different-the former is a clean energy source and the latter is a dirty energy source-the global trend suggests that their demand has mainly depended on energy policy, price competitiveness, reliability, and easy access. A global study by the International Renewable Energy Agency [5] showed that hydropower is more competitive than fossil fuel. The US National Hydropower Association (NHA) notes that consumers pay lower electricity costs in those American states that get the majority of their electricity from hydropower, namely Idaho, Washington, and Oregon. A US study shows that hydropower has the lowest levelized cost of electricity (accounting for the different technologies needed to collect, process and transport energy) across all major fossil fuel and renewable energy sources (see, http://www.hydro.org/why-hydro/affordable/).
However, as in the case of Vietnam, hydroelectricity is found to be unreliable. Supply outages often coincide with extreme weather conditions, such as drought. Extreme wet seasons also pose serious flooding threats for communities, particularly those in low-lying areas, close to dams that are often structurally weak. Further, while Vietnam has many hydro dams across the country, construction of new dams often generates significant opposition, based on the potential threat they pose to the local environment and livelihoods (for details, see http://factsanddetails.com/southeast-asia/Vietnam/sub5_ 9g/entry-3486.html).
Concern among energy users about the reliability of renewables is present in countries integrating green energy into the grid. This concern has triggered a number of researchers to examine the reliability of renewables and to develop approaches to make green energy sources more reliable (for a review on the reliability and economic evaluation of power systems with renewables, see [6] ). A US study concluded that hydropower is a reliable energy source, but federal government regulations limit access to this option [7] and inhibit its development in the US. As noted by [8] , fossil fuel companies have a strong influence on energy policy in the US and it is difficult to envisage full political support for renewables, unless the fossil fuel companies become politically disconnected. Notwithstanding, often when there is a political will to integrate renewables into the grid, several issues-such as those outlined for Vietnam-emerge. Academic research is making progress in identifying approaches that can ensure further reliability of renewables. In a review of the integration of renewables in Germany, [8] notes that " . . . a grid that derives over a quarter of its power from renewables can become a global leader in supply security-in terms of SAIDI (System Average Interruption Duration Index)-given ample reserve capacities and well-developed interconnections with neighbouring grids". Renewables have an increasing share of the energy market in France, where the aim is to have all power supplied by the renewables sector by 2050. A study assessing the current reliability of the French power sector concludes that there is a need to install additional back-up or storage capacity to fill in the gaps in the supply of electricity [9] .
At present, fossil fuels-unlike renewables-provide a steady and reliable flow of energy and cater for sudden surges in demand. In fact, as seen in Figure 1 , the exponential growth in Vietnam's exports has been largely supported by fossil fuel generated electricity. Given the differences in the two energy sources, we expect to see some differences in the sensitivity of exports to renewables and fossil fuels.
The balance of this paper is organised in the following manner. The next section briefly reviews the strands of energy economics literature related to this study. Section 3 presents the empirical model (the gravity model), the estimation procedures and the results. Section 4 summarises the key findings and suggests policy implications. 
Two established strands of the energy economics literature, most relevant here, study the energy-trade or energy-economic growth relationship using cointegration and Granger causality approaches. Evidence of a unidirectional long-term link between electricity and trade, flowing from electricity to exports, is most common (see [3] for six middle Eastern countries; [11] for several high-, middle-and low-income countries; and [12] for Vietnam). In the short run, some studies found that exports also encourage electricity generation (see [13] for eight middle Eastern countries; [14] for Vietnam; and [15] for Portugal). Several studies showed a significant and positive relationship between trade and electricity in the short and/or long run. In other words, an increase in electricity supply leads to an increase in trade [11, 13, 16, 17] . Some studies found significant positive effects of electricity on economic activity in the short and/or long run [12, 15, [18] [19] [20] [21] [22] [23] [24] [25] [26] . However, there are others that found no link between electricity and trade/output [3, 27] . Some specific studies showed that economic growth in Vietnam drives energy consumption [14] , while others indicated that higher energy consumption increases Vietnam's output, stressing the importance of energy for Vietnam's economic growth ( [12, 28] . Evidence of the trade impact of non-renewable energy on Vietnam, a net importer of refined petroleum, comes from [29] , who suggested that oil price significantly and negatively impacted the Dong-USD exchange rate over the period 1999-2009. This implies that lower fuel prices improve the competitiveness of Vietnam's exports. In this study we directly check whether fossil fuel generated electricity increases exports.
Between the two literature strands, research on the impact of energy mix on trade is still rather scarce, but there is ample evidence connecting economic growth with carbon emissions, which is a product of fossil fuel energy production [30] [31] [32] [33] [34] . In terms of developing nations, [35] showed that, for 30 Chinese provinces over the period 1985-2007, a 1% increase in real GDP increased carbon emissions by approximately 0.41-0.43%. In [36] , the authors found a positive link between economic growth and emissions for countries in the Middle East, South Asia, East Asia, Latin America and Africa in the short-and long-term. Only in the case of Middle Eastern and South Asian countries did they find that the long-term effect of economic activity is less than the short-term, implying that carbon emissions fell with an increase in income.
Several recent studies showed that economic growth is driven by renewable energy in developing nations (see [28] for a review). We found only two studies that examine the link between renewables and trade [32, 37] . In [37] , the authors found no short-or long-term causality over the period 1980-2008 between renewable energy consumption and trade in 11 African countries. For a panel of 69 countries, over the period 1980-2010, [32] found that a 1% increase in renewable energy increases exports by 0.07% in the long-term.
In all, the focus of the literature is mainly on energy and trade in aggregate terms. In this study, we consider the electricity mix and bilateral trade relations in light of the preferences given to one energy source (fossil fuels) over the other (renewables) and the need for modern energy policies to be sensitive to exports.
Empirical Analysis

Empirical Model
To model the impact of the electricity mix on exports, we used the export gravity model. The export gravity model of Vietnam is expected to depend on various factors such as national income, per capita income, and additional elements such as distance and trade block preferences, including membership of ASEAN (Association of South East Asian Nations), APEC (Asia-Pacific Economic Co-operation) and the WTO (World Trade Organization) ( [10] ; also see variations of the Vietnam gravity model in [38] ). We extended the gravity model [10] to account for the impact of total electricity generated and that of electricity generated by renewables and fossil fuels.
Following [39] , we used a two-step procedure that separates the estimations of time variant and time invariant gravity variables. As a first step we estimated:
where X ijt is export flow from Vietnam, i, to j trading partner at time point over the period 1986-2010. Electricity it is either total electricity, fossil fuel (FOSSIL) or renewables (or hydro) (RENEW) generated electricity in Vietnam. Consistent with the literature, we expected to see positive effects of energy on exports. Z t captures the key determinants of exports under the trade gravity model, namely, income (Y), exchange rate (ERN), trade openness for Vietnam (VNTRADE) and Vietnam's trading partners (PTRADE). Following previous studies, income (Y) of country i or j is represented as: product of GDP (Y); product of GDP per capita (PY); and the difference between Vietnam's and a trading partner's GDP per capita (DPY). Given strong correlations between these three income variables (see Table S2 , each of these income variables was captured into the equations one at a time. This means that we estimated three versions (a-c) of equation 1, with Y, PY, DPY captured, respectively, in models (a-c). In terms of the expected impact of the income factors, the product of GDPs (Y) captures a nation's economic size, which should positively influence trade. This means that an increase in the size of an economy should see an increase in trade. Similarly, the product of Vietnam's per capita GDP and trading partner j's per capita GDP (PY) captures the level of economic development that should encourage the export flow from Vietnam. The impact of the difference of per capita incomes (DPY) depicts the difference in endowment and its impact on trade can be explained by two trade theories. Heckscher-Ohlin (H-O) theory calls for a positive impact of difference in endowment on trade, emphasising that trade volume increases as factor endowments between the countries diverge. In contrast, [40] 's hypothesis implies a negative effect of the gap in endowment, suggesting that two nations will trade more if their factor endowments are similar. ERN ij,t is the exchange rate between Vietnam (i) and trading partner (j) at time t. Depreciation of the exchange rate (here, the Vietnamese Dong in terms of the trading partner currency) makes domestic exports relatively more competitive; hence the exchange rate effect on trade is expected to be positive. VNTRADE it and PTRADE jt , respectively, capture trade openness of Vietnam and trading partners (js) measured as a ratio of total trade to GDP at time t. Export volume is likely to grow as Vietnam or her trading partners become more open to the world market; as a result, VNTRADE and PTRADE are expected to exert positive effects on bilateral exports.
Equation (1) is a representation of long-term models of interest to this study. This equation also forms the basis for our cointegration test for the prevalence of a stable long-term relationship between the variables. Equation (1) is estimated using the fixed effect method, allowing us to extract the specific country effects (SE), which are used to estimate the effect of the time invariant variables as part of the second step:
where the specific country effects (SE) are from model (1); and DIST ij (in natural logs form) indicates the geographic distance between Vietnam (country i) and country j. Dummies indicate whether Vietnam, i, and a trading partner, j, are in the same trading or regional blocks (ASEAN, APEC, and WTO), where the dummies are respectively D ASEAN ; D APEC ; and D WTO , in which the values of these dummies take 1 if Vietnam and a trading partner in the dataset are in the same trade group, or take 0 otherwise. Preferential trade agreements create favorable trading conditions for member countries; as a result, dummies for ASEAN, APEC, and WTO membership are expected to induce positive impacts on export flows. Distance between Vietnam and a trading partner inflates the cost of the transport of traded commodities; therefore, this link should bear a negative sign. Common language or common borders, which are readily used in other studies, are not captured in model (2) . A common language between Vietnam and the 54 trade partners does not exist. Only three of her Asian trade partners share a border with Vietnam.
Data
To estimate the above models, annual data over the period 1986-2010 were covered for Vietnam and her top 54 trading partners. Two different sets of data were applied. The first set comprises data relating to Vietnam's total electricity generation, and electricity generated using fossil fuels and renewables (Table 1) . These time series data were sourced from the Energy Information Administration agency of the US government (see Table 2 , rows 4-6). The second set comprises export data of Vietnam to her 54 (main) trading partners and their determinants other than electricity. We adopted the same sample and independent variable series from the gravity bilateral trade of goods study by [10] , although the present study only captures bilateral exports of goods, not exports plus imports of goods. Research Centre in International Economics (CEPII), and the General Statistics Office of Vietnam (GSO). All the variables are defined in Table 2 .
The data is grouped by region. The regional panels are developed based on the United Nations Classification. These include Europe (SMEUROPE) with 22 countries; Africa (SMAFRICA) with four countries; and the Americas and Oceania (SMAMERICA) with 10 countries. With only two trading partners, Australia and New Zealand, representing the Oceania region, we incorporated these into the Americas group.
Given the diversity by income within the Asian group, we split Asia into three smaller groups: high-income, with a per capita GDP equal or higher than US $12,476 (SMASIAH); medium-income, with a per capita GDP of between US $1400 and US $4035 (SMASIAM); and the low-income Asian group, with a per capita GDP lower than US $1400 (SMASIAL). These divisions are based on the World Bank income classification.
This grouping scheme was utilised when conducting panel analysis. In total we developed seven panels: SMEUROPE; SMAFRICA; SMAMERICA; SMASIAH; SMASIAM; and SMASIAL, as well as the full sample of the 54 trading partners. The specific countries in each group are listed in Table 3 . 
Preliminary Analysis
Tables S3 and S4 provide selected descriptive statistics on the dataset comprising the export gravity factors other than electricity. Table S3 describes the dependent variable, exports, by full sample and regional groups. Over the period 1986-2010, total Vietnamese exports to regions is, on average, highest for the high-income Asian (SMASIAH) countries, followed by the middle-income Asian (SMASIAM), the Americas-Oceania (SMAMERICA), low-income Asian (SMASIAL), European ((SMEUROPE), and African (SMAFRICA) regions. Table S4 presents the descriptive statistics on the independent variables other than electricity. It reports the size of the economy (Y), the standard of living (PY), or difference in endowment (DPY)
Unit Root Tests
The panel unit root tests, namely, Im, Pesaran, Shin, IPS, [41] ; Levin, Lau, Chu, LLC, [42] ; and Fisher-type test [43] were applied to examine the time series properties of the dependent and independent variables in the models. These tests have the common null hypothesis of unit root and are conducted with an intercept and a trend.
For a panel series, y it , which has a time dimension, t, (t = 1, . . . ..,T) and individuals, i, (i = 1, . . . . . . ., N), its data generation process takes the following form:
The error it is identically independently distributed across individuals in the panel. It follows the moving average (MA) process with the form it = ∞ h=1 ϕ ih θ it−h + ε it . it is assumed to be a stationary moving average, MA, process. β ai and β bi are parameters for the intercept and the time trend correspondingly, which vary across individual countries. The LLC [42] tests the null hypothesis, H 0 , that all individual series of the panel contain a unit root (θ = 0) against the alternative hypothesis H 1 : θ < 0, and that all individual series are stationary. The LLC test assumes independence between cross sections and homogenous autoregressive estimators for all individuals in the panel. This means that θ is assumed to be the same for all individuals. The test statistic values to evaluate the null against the alternative hypotheses are derived from the pooled estimation across individual countries. Appropriate lag orders are applied to orthogonalize residuals of the auxiliary regressions, which can be expressed as:
In model (4), the difference of each series is regressed on 1 to Z i lags (K = 1, . . . ., Z i ). The deterministic elements are captured in d Pt . There is homogeneity of the autoregressive parameter, and heterogeneity in the error variance and the serial correlation structure of the errors.
The IPS [41] test is different from the LLC test in that the IPS test allows for heterogeneity of the autoregressive parameters for each individual country. The null hypothesis of the IPS test states that there is a common unit root test present for the panel, that is H 0 : θ i = θ = 0 for all i. This is tested against the alternative hypothesis of the IPS test as:
There is a subset of series y it that is not stationary; hence the alternative hypothesis in IPS is not as restrictive as the LLC test.
The [44] test in [43] is a combination of several unit root tests, combining the p-values from different tests. The Fisher test works with the null hypothesis that there is a unit root for all y i , H 0 : θ i = θ = 0, which is tested against the alternatives: (i) H 1 : θ i = θ < 0; or (ii) H 1 : θ i < 0 for i = 1, 2, . . . .K; and θ i = 0 f or i = K + 1, . . . . . . , N. The scope of the alternative hypothesis in this case is broader under the Fisher test than for the LLC and IPS tests because the coverage of alternative hypotheses in the Fisher test accounts for both the LLC and IPS approaches. In [43] , the authors note that the Fisher test is preferred to the IPS test in the case of unbalanced panel data.
Results presented in Table 4 only relate to electricity variables for the seven panels. Almost always the three tests are unable to reject the null hypothesis of a unit root, implying that the variables are I(1). Our non-tabulated results suggest that for other time-variant independent and dependent variables (exports, income, per capita income, per capita income difference, exchange rate, Vietnam's openness, and trading partners' openness) across different region groups, the null hypothesis of a unit root cannot be rejected by at least two of the three tests. These results are available on request from the authors.
Only in the case of the middle-income Asian group did we find that exports are stationary at level form. With evidence of non-stationarity of the variables, we proceeded with the cointegration and the VECM analyses for all panels, except SMASIAM. 
Pairwise Granger causality test
As part of the preliminary tests, we performed the pairwise Granger causality test where we tested whether: (a) electricity Granger causes exports; and (b) exports Granger causes electricity, using the following models:
ln Electricity it−p + ε 1t (5) ln
ln Electricity it−q + δ 2=1 ln∆X ij,t−q + ε 2t (6) Energies 2019, 12, 1558 11 of 21
Models (5) and (6) were estimated for total electricity, fossil fuel generated electricity and hydroelectricity. Here δs are the parameters to be estimated; p and q are lag length, derived using the Schwarz information criteria; and ε is the disturbance term. The causality test is readily carried out in the Energy (E)-Income (Y) literature. Four hypotheses are relevant here: (1) the growth hypothesis suggests causality running from E to Y; the conservation hypothesis sees Y causing E; the feedback hypothesis treats both E and Y as leading each other; and the neutrality hypothesis sees no linkage between E and Y (refer to [45] and [28] for further explanation). As exports are an important engine of economic growth, we conducted the Granger causality test under the four E-Y hypotheses. The growth hypothesis justifies our study while the conservative hypothesis would suggest that trading partners can influence Vietnam's energy policy.
The F-statistics and p-values relating to the models for total electricity, fossil fuel generated electricity and hydroelectricity are presented in Table S5 . While Vietnam's exports to these 54 trading partners are found to be Granger caused by electricity, the results are strongly dependent on the trading partners and electricity mix. In the case of total electricity, for all panels, except for those with Asian nations, the growth hypothesis is found to prevail, which means that total electricity promotes exports. For fossil fuel generated electricity, we found that a mixture of hypotheses were satisfied, depending on the panel examined: the feedback hypothesis applies for trade with the high-income Asian, European, and full sample of trading partners; the neutral hypothesis applies for the Americas; and the growth hypothesis applies in the case of low-income Asian nations and Africa.
In the case of renewables, for Europe, we noticed a feedback effect between exports and hydroelectricity, which means that there is a bi-directional link between exports and hydroelectricity. Most panels, namely the full sample, low-income Asia, Africa and the Americas seemed to show the prevalence of the conservative hypothesis, which suggests a uni-directional link flowing from exports to hydroelectricity. In contrast, the high-income Asian trading partners panel showed a neutral effect.
Next, we examined the long-term effects of total electricity and electricity mix on exports under a multivariate setting defined by the gravity export models (Equations (1-2) ). Prior to estimating the long-term models, we tested for a cointegrating link between the variables in Equation (1).
Cointegration Test
We relied on [46] to conduct the cointegration tests. We only cover the time variant factors here. This test is a residual based test that assumes homogeneity of the panel data and tests the null hypothesis of no cointegration. In our panel analysis, the several data series, namely, exports, exchange rate between Vietnam and the 54 trading partners, and income variables relating to the 54 trading partners, vary by country. Our estimation scheme accounts for some cross-sectional heterogeneity in our sample by dividing the data into trading partners' regional panels. In the case of Asia, we noted some heterogeneity, which led us to subdivide the sample by income (see Section 3.2). While we do not claim to have accounted for all heterogeneity in the panel data we use here, we have accounted for those that are related to regional and income difference. A similar panel scheme adopted by [10] showed that the Kao test gave consistent results for the gravity trade model as did another panel based cointegration test, namely the [47,48] test that accounted for heterogeneity and homogeneity of the panel data.
The Kao test considers strict regressors that are either endogenous or exogenous. Kao estimated a Least Squares Dummy Variable (LSDV) model with variables which are integrated to order one, I(1), to evaluate the long-term relationship between the dependent and independent variables:
with i = 1, 2, . . . ., N; and t = 1, 2, . . . , T. Y is the dependent variables while X comprises independent variables in model 1. For model (7), the parameter ϕ i may vary across the bilateral relationships covered while the coefficients for regressors, γ, are common across members. To test for cointegration, Kao employed the Dickey-Fuller autoregressive model and the Augmented Dickey-Fuller autoregressive model for testing the residuals, ε i,t , in (7) . For the existence of a long-term relationship to the system (7),ε i,t needs to be I(0). Table 5 summarises the Kao test results. For all panels we rejected the null hypothesis of no cointegration at 5% or better. A stable long-term relationship between the variables described in equation (1) is indicated by the test. lnPTRADE jt + ε ijt (c). These are estimated for electricity variables, measured as: (1) total electricity; (2) fossil fuel generated electricity; or (3) renewable energy generated electricity. This means we estimate nine models for each subsample. The numbers in bold are test statistics, and those in italics indicate the probability of rejecting the null hypothesis.
Long-Term Linkages
Electricity and Exports
Next, we examined the long-term relationship between electricity and bilateral exports of Vietnam. Tables 6-9 report the long-term regression estimates derived using the fixed effect method (models 1 and 2) with [49] cross-section standard errors and covariance that are robust to cross-equation correlation and different variances in the disturbances in each cross-section. Table 6 depicts the response of exports to total fossil fuel, and renewable energy generated electricity for the full sample of 54 trading partners. Tables 7-9 provide regional response to total, fossil fuel, and renewable energy generated electricity, respectively.
When we closely examined the long-term results, we found a positive relationship between trade and total electricity generated. An increase in the generation of electricity leads to an increase in Vietnam's exports to the 54 nations (Table 6 ). In the full sample, the effect of electricity generated by renewables is greater than that of fossil fuels. An increase in renewable generated electricity leads to a 1.3-1.6% increase in exports and vice versa. A 1% increase in fossil fuel (and total electricity) leads to around 1% (3%) increase in exports and vice versa. This table shows the long-term effects of electricity, measured as total electricity, fossil fuel generated electricity, and renewable energy generated electricity on Vietnam's exports for the total sample of 54 trading partners. Results relating to Equation (1) are displayed in columns 3-9 and are derived from: (a)
The impact of time-constant variables (in columns 10-13), is estimated on the SE which captures the specific effects corresponding to Equation (1), model (a), (b) or (c). The last column is the adjusted R-squared for each model. For each panel, the numbers in bold are coefficients while those in italics are respective probabilities of rejecting the null hypotheses proposed. Fixed effect estimation is used with [49] cross-section standard errors and covariance. *, ** and *** denote level of significance at 10%, 5% and 1%. This table displays the effect of total electricity by the regions of the trading partners: SMASIAH, SMASIAL, SMEUROPE, SMAFRICA, and SMAMERICA. Results relating to Equation (1) are derived from: (a) lnX ijt = δ 1 + δ 2 lnY ijt + δ 3 lnElectricity it + δ 4 lnERN ijt + δ 5 VNTRADE it + δ 6 lnPTRADE jt + ε ijt ; (b) lnX ijt = δ 1 + δ 2 lnPY ijt + δ 3 lnElectricity it + δ 4 lnERN ijt + δ 5 VNTRADE it + δ 6 lnPTRADE jt + ε ijt ; or (c) lnX ijt = δ 1 + δ 2 lnDPY ijt + δ 3 lnElectricity it + δ 4 lnERN ijt + δ 5 VNTRADE it + δ 6 lnPTRADE jt + ε ijt . These equations relate to time-variant determinants on exports and are displayed in columns 3-9. The impact of time-constant variables (in columns 10-13) is estimated on the SE which captures the specific effects from Equation ( These equations relate to time-variant determinants on exports and results are displayed in columns 3-9. The impact of time-constant variables (in columns 10-13) is estimated on the SE which captures the specific effects from Equation (1), model (a), (b) or (c) (see Equation (2)). The adjusted R-squared for each model is reported in the last column. For each panel, the numbers in bold are coefficients while those in italics are respective probabilities. Fixed effect estimation is used with [49] cross-section standard errors and covariance. *, ** and *** denote level of significance at 10%, 5% and 1%. These equations relate to time-variant determinants on exports and are displayed in columns 3-9. The impact of time-constant variables (in columns 10-13) is estimated on the SE which captures the specific effects from Equation (1), model (a), (b) or (c)(see Equation (2)). The adjusted R-squared for each model is reported in the last column. For each panel, the numbers in bold are coefficients while those in italics ones are respective probabilities. Fixed effect estimation is used with [49] cross-section standard errors and covariance. *, ** and *** denote level of significance at 10%, 5% and 1%.
The long-term results reported in Table 7 reveal that exports are sensitive to (total) electricity in all regional panels. Like ours, most studies show a positive link between total electricity consumption and exports/economic growth (see Section 2). However, in our study the size effect of total electricity is dependent on the trading partners. Trading partners in the Americas are most sensitive to total electricity, followed by those in Europe, Africa and Asia. A 1% increase in total electricity generation increases exports to the Americas and Europe in the range of 3.9-5.1% and 3.1-3.5% respectively. The 1% increase in total electricity generated increases exports to Africa in the range of 3.1-3.5% while exports to low(high)-income Asian countries only increase by 1.8-2.6% (0.5-1.4%) ( Table 7) .
In Tables 8 and 9 we report on the long-term effects on exports of electricity generated by fossil fuels and renewables, respectively. As with total electricity, we find that the relationship between exports and electricity generated by fossil fuels and renewables is positive, although the size effects vary by the trading partner. Fossil fuel generated electricity is found to have the strongest long-term effect on exports to the Americas, with a 1% increase in fossil fuel generated electricity, on average, increasing exports from 1.7% to 2.6%. This is trailed by low-income Asian countries (1.2-1.4%) and Europe (1.3%). In the case of exports to Africa, the average effect of a 1% increase in fossil fuel generated electricity is 1.4%, while for high income Asian imports from Vietnam, the impact is 0.5% (see Table 8 ).
Renewables generated electricity has the most long-term effect on Vietnamese exports sent to the Americas, with a 1% increase in renewables generated electricity increasing exports in the range of 2-3%. This is followed by exports flowing to Europe (1.6-1.7%), Africa (1.6-1.8%), and high-income Asian countries (0.5-1.1%) (see Table 9 ). Exports to low-income Asian nations are not significantly influenced by movements in renewable energy.
The trade implications of fossil fuel and renewables generated electricity discussed above suggest that renewables contribute to export demand more than fossil fuels. The finding on the relationship between renewables and exports provides support to studies that show, for lower middle-income countries, including Vietnam, a significant link between renewable energy and economic growth (see [28] ) or engines of economic growth, such as exports (see [32] ).
Gravity Factors and Exports in the Long-Term
It is important to check for the influence of other factors on exports. We check for consistency with theory (as discussed in Section 3.1) as well as other empirical papers on Vietnamese trade, in particular the work of [10] , which uses a similar data construct, but focuses on total trade rather than exports exclusively, as we do. A summary of our long-term results is available as supplementary material, in Table S6 , where one can see that the results are mainly consistent across the sample. Consistent with theory, and [10] , the size of the economy and level of development of the trading partner, openness of the Vietnamese economy, and membership of APEC all have a positive influence on exports in all samples. Openness of trading partner countries in the full sample, and in the regional panels of Europe and the Americas, shows a negative effect. This suggests that increased openness of trading partner country reduces trade with Vietnam, a result that is consistent with [10] . However, as high-income Asian countries become more open, their imports from Vietnam increase. Further, our results suggest that as a result of ASEAN membership Vietnamese exports to high-income Asian nations deteriorated, while exports to low-income Asian nations expanded.
While [10] only shows positive implications of ASEAN membership on Vietnamese trade as both exports and imports, this study shows that, for Vietnamese exports, there are some variations in results between high-and low-income Asian nations. The involvement of the WTO is revealed as having negative implications for exports in the case of the Africa panel, a result that was also highlighted in the [10] study.
We note some differences across the regional panels. For instance, distance mainly takes a negative sign, suggesting that the further away trading partners are from Vietnam the lower the level of exports from Vietnam. However, in the case of the Africa and Europe panels, the sign is positive. Trade with high income Asia and the Americas and Oceania seems to follow the H-O theory, while in the case of the European panel trade flows from Vietnam can be partially explained with Linder's hypothesis (Tables 7 and 8) .
Finally, depreciation of the Dong is found to be in line with theory and the results of [10] . For the full sample and most regional panels, depreciation of the Dong against trading partner currency improves export flow.
Conclusions
In this paper, we investigated whether Vietnam's ever-growing demand for electricity is improving trade linkages between Vietnam and her 54 main trading partners. Indeed, we find that there was a positive linkage between electricity generated and exports over the period 1989-2010. This paper delivers two important messages. First, it is true that the economic importance of electricity cannot be ignored. Energy has been critical for the growth of export industries in Vietnam. More importantly, our study indicates that both fossil fuels and renewables in Vietnam are sensitive to the energy needs of export industries. This is an indication that energy policy in Vietnam is on a path that can help the country reduce its dependence on fossil fuels and help reduce its GHG emissions burden.
Second, exports are more sensitive to renewables than fossil fuels in the full sample and all regions, except Asia. This finding seems to align with the global trend (discussed in Section 1) that exports to some trading partners are sensitive to the vulnerability as well as the price competitiveness that energy sources bring. In Vietnam, renewable energy (hydropower) seems to be bringing an element of vulnerability and disruption to export industries when the supply of hydroelectricity falls. Our findings indicate that Vietnam's exports of goods to the Americas, Europe, and Africa, in fact, fall more after a fall in hydropower than a fall in fossil fuel generated electricity. However, Vietnamese exports to Asian nations are indifferent to energy sources. Hence, except in the case of Asian nations, our results align with the idea that renewables are still disruptive and are not as reliable as fossil fuels. Our results also indicate that renewables generated electricity leads to a greater increase in exports, particularly to the Americas and Europe, than electricity generated by fossil fuels. This highlights that renewables are more price competitive than imported fossil fuels (see discussion in Section 1).
In all, while there is dependency on one source of renewables, it seems that more fossil fuels will be used because, compared to renewables, fossil fuels are able to reduce the variability in export income from Vietnam's key export destinations, namely the Americas, Europe, and Africa. Working towards making renewable energy sources less disruptive and more readily available will reduce Vietnam's dependence on fossil fuels and variability in export income. Academic research identifies several approaches to eliminate the economic vulnerabilities. Studies, for instance, indicate that proactive integration of renewables into the grid should be complemented by investment in back-up or storage facilities and diversification of renewables markets.
We have only investigated one channel (trade) through which electricity (total, non-renewable and renewable) has an impact on the Vietnamese economy. Other channels through which electricity has an impact on the economy (such as through households and foreign direct investment) would be of potential interest to policymakers and the private sector. This study also notes that trade has the potential to influence energy policy. While this was not our area of focus, this result indicates that the growth of hydroelectricity/renewables may be dependent on external trade. It also calls into question the importance of internal factors, such as political will and public support. Investigation in these directions would inform energy policies towards the goals of reducing carbon emissions and maintaining economic growth. Further, our study implies the importance of finding feasible paths for reducing the negative social and environmental implications of electricity generation, particularly from renewables (and for Vietnam, hydropower in particular) so that energy sources are not disruptive and are more widely accepted. These are areas of interest for future research agendas.
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